CORSIM USER MANUAL

VERSION 1.01

NOTE TO READER:

THIS IS A LARGE DOCUMENT

Due to its large size, this document has been segmented into
multiple files. All files separate from this main
document file are accessible from links (blue type) in the
table of contents or the body of the document.




s 24
4
\ 4

U S, Depart ment of T ansportation
Federal Highway Administration

CORSIM
User Manual

Vesonl1.01

August 20, 1996

Office of safety and Traffic Qperations R&D
Intelligent Systenms and Technol ogy Division (HSR-10)
6300 Georgetown Pike
MLean, Virginia 22101-2296



” Acknowledgments

Information Dynamics, Inc., and Viggen Corporation would like to acknowledge the following Federal
Highway Administration staff for their guidance and support during the development of this manud:
Alberto J. Santiago; James E. Clark, P.E.; and Henry C. Lieu, Ph.D.

This manual was produced under Contract No. DTFH61-92-Z-00074.

IDI/Viggen



Table of Contents

T T4 oo LU To3 1Ko o 1 I-1
The Role Of the TRAF MOGEIS........cccviieiiciectectectecte ettt resresresne e l.-1
The Traffic ENVIFONMENE.......ceciiiiecteceece ettt be b s besbesbesbeebeebeereereenis =2
THE TRAF SYSIEIM ..ot sees e sssss s sssess s sssssssssesssess s ss s snsssnsssssnsssnnsens 1-3

The CORSIMMOUEL ..........cooveieeieieeseeecee ettt sttt ne s BT
IPUE DB, ...ttt ee et e et eseee e e et e eeseeneeeeeeseneeseeaesseessenseesneeneseeeneeneeneeniiBn L
MOCEl INEEGIALION ...t 2-2
Installation and SyStem REQUIFEIMENES.............ccvevrveeeeeeeeeseeeeeseeeeeeseeeeeseesseseeenseseenseseenseneenen i 072
S a0 o T 0o (= E= TS 2-5

NET SIM e e e e e e e b e e e s s bb e e e e s aabaee e s e bbeeessbbaeeseanbaeeseansreeesanns 2:0.
FRESIM ittt ettt e e et e e e bt e e e s s bt e e e s s nbb e e e s abbaeesenbaeeseanbaeeesansrenens 2:6.
TraAfIC ASSIGNMENT.....eeieeetieeee ettt s e bt bt st b e be s b e s b e e beeneeaeere e 2-7
TRAF SUPPOI PrOGraIMS .....coiiiiiiiiieiee sttt 2:1

DAEA SITUCTUTE ...........ivieieeeceieeee sttt sss st es s s s s s sns st st assessss st anssssssensensanssssnssnsansas HEOT L
INPUE SITEAM ..ottt sttt sns sttt ns s st st s s st ensens s s en L
Point Processing, Incident Detection, and MOE EStMation............cccccevvevvireveeesciesreseeeseseese e 3-6
Minimum Coding REQUITEIMENES ..........o.eeeeeeeeeeeeeeee et eeeee et e eee et eee et eeeeeeneeeeeeeeeeeeeeeneeeeaneeseneesees 37
=R I [ 1 1= (0] 3

OVEIVIBW ... ..o sse e es s sne s s eneenessses s sesssssseenesnennesnesnesnsessenesenns i OL
NEWOTK DESCHIPION .......ovvereeceeceeeeeee et ese s e s ssssesnesessesesssstssssesnsnssnsnssnses AL
Data RECOM TYPES -.euvvvetrerererererereseesesesssssessesssesssesesesesesesssesesssesessssssssssssssssesssesesssesesesesssssssssss 8 -2

RUN CONETOL TBEA............oeeeceeeceeeeeeeeee ettt ettt et enen s s s e e e enesseseesenenenenenseeen e iHTR
Reports and oUtPUL SPECITICAIIONS ............ooieeeeeeeeeeeee ettt e e e e e eeneeene 43
T 0 (=S o ] o o ISR 4-3
LG LEO 07 1= £ TR . ot |
BUS OPEIGIIONS.....c.ccveieviiceecteeete sttt sttt sne e esesne e bennenesnennenennennsneneens A5
Sign and SIGNal CONMTOL ..ottt e e eeeeeeesneeeesneeseeeneeseeeeen et A
INtErSACtiON SIMUIBLION............c.eiieieeeeeeeeee ettt e e et ee et et e e e s e en e s saenereeenenenenenentHTD
Traffic volumes and VENICIE OCCUPANCY.........cccveriieiiiecece e B2
Incidents, events, and parking MANBUVELS ..........cccueiveeereeeeeeseeeee e sesn s se s i -5
Vehicle CharaCeriStiCS ............cooooeeuceceeeeeeesesese sttt sssssss s seene e D
Fuel consumption and pollutant BMISSIONS.. ..........cccccivieeeieeriieseeee e 4-5
Urban iNtErChANGES .......cveieeieiceee e eene e enad 4-6
TraffiC ASSIGNMENT. ... seeseereeneeneeneene 4-6
L= T oc SRS 4:-1
Daa QElIMITEIS .....vecveevecieceecteeeete ettt sre st stessessessesaesaessensensensensesseneeneeneen KT L
RECENt ENNANCEMENES.. ... .o ee e eseeseesenss s neeeneeeeeneeneseeerennesne i
INtralink 1aN€ CRANGING........c.cveeeeeeeeeeeeee ettt ee et e s e eeenen et eeseseerereeenenenessesseneeeeneneennsiT |
= 0TI T 10T 1= 0| PSR -8

IDI/Viggen ii



TABLE OF CONTENTS

Sared tUIMN TANES.. ... e ae e aeeaeean 4-8
Actuated CONIOl TEAIUINES ......ecieeieeie ettt e et e s et e e nsesraenreeneennene 4:8
Real-time traffic adaptive CONtrol fFEAIUIES..........cceieecieceee e 4-9
Sub-time period variation in entry volumes and turn MOVEMENES.. .......occerverecernerereecrneneneens 4-9
RECOIT TYPES.. ettt sttt ettt e et e bt bt s b e e e Rt e bt eb e b e Rt e bt ebe st e s e e bt ebesbe e aneenenbe s .51
00T (1 R 1= SRR a:1
01  RUN TAENTICAIION.. tveiveerieiecticeeteete et re b e e aesreeneeneeneenee 5.2
02 RUN CONMTOL.. ©eeitieiteeeeieeiteesieeseeesieeses e teesseesseeeseesseesseeeseesseessseeseessenenseeseessenanseenseessenanes 5-3
03  Time Period SPECITICAION.. ..c.eiiieciecieciece e 9-12
04 Time Intervals and Time Steps per TiMe PEriod.. .....ccccceeecsreseecceerer s 5-14
05 RePOrS and GraphiCS.......ccueiueriirierierieeieeeriese ettt be s ae s ene 5:15
Controlling SIMUIGHON RUNS.. ......o.oiiiiiiiireeeeer et 217
10 LINK NGIMES.. .ottt et te e nbe e s s e ssteenseesseeeneeeseenneeanneenseens 519
11 NETSIM Link DESCIPHON.. c..ccueruiiuieieniiniesiesiesiesiesiesie st 5:20
19 Freeway LinK GEOMELTY ......cociieeieiiieiesiee ettt n e n e san e 5-28
20  Freaway LinK OPEIalioN .......cccooeieiireieriesesiesie e see s seesee e seesaeseeseesseseessesseseeseesseseessaseen 5-34
21 Surface Street TUIN MOVEMENES .....oieeiieciecie ettt e e ee e e e nns 5:37
22 Conditional TUMM MOVEMENLS.. ....cueitieieeieeiieseesiesee e et e steseesteeeesseeeesseeeesseeaesseesasneesens 9:39
23 Turn Movement Variations within a Time Period.. ........cccceevvieeivieese e D42
25  Freeway TUM MOVEMENES .......ooiiiieieie ettt sr e b e s sne e 544
28 Freeway Survellance SPeCIfiCaliON.. .......ccoouririeirieieieeeee e 5-46
29 Freeway Incident SPECITICAION.. ...oceieririireeieeiere s 548
32  Freeway Lane Add and/or DIOP.. ....ccocrreerennineieininenesisisesesisesesssisinins seereenesserssseseensnnes 5-51
35 Sign or Pretimed Signal Control TIMING.. .....ccooeriierinineneneserere e 5-53
36 Signor Pretimed Signal Control COUES.. .......coeririririnereeeeer e 5-55
Sign and Signal Control for Record TypeS 35 and 36 .......ccoceverererineninereresesesesese e 558
37 Freeway MEEING ....c.ooeieeeee ettt b e bbb aeens 5:60
38 Freeway Metering Detector SPeCifiCation ...........ccocevereriienenineeeeee e 5-64
42  Survelllance Detector SPECITICALION.. ......coviruerierieierie et 5-66
43  Approach Configuration for NETSIM Actuated Controller.. .....covrerererenesereseseesien 5-68
44 Coordination for NETSIM Actuated CoNntroller.. ......ccoevveeeieieere e 271
45  Traffic Movements for NETSIM Actuated Controller.. .......coooeeveeeieeieceee e 5-75
46 Detectors for NETSIM Actuated Controller.. .......coveeeieeiesece e 977
47  Phase Operations for NETSIM Actuated Controller.. ........coovveeveeienecieseece e 581
48 Pedestrian Operations for NETSIM Actuated Controller.. .......cocveeeeeeiiiiesecese e 5-89
50 ENtry LINK VOIUMES.. ..ottt et 5:92
51  Traffic Volumes on SoUrCE/SINK LINKS.. ......coveviviveriisecccccseeie s 5-94
Y 0= o B ox 0] £ TSP OU SRS 5-96
53 Entry Link and Source/Sink Volume Variations within a Time Period.. ......ccocovvecerirenenne. .5-97
54 ShOM-TEM EVENLS ....ocveeeceeeeeeee ettt en .5-100
55 LONG-TEM BEVENES ..o %101
56 Parking ACHVITY.. ...ooieiieeseietese ettt e ne e sse e nennens 5103
58 Vehicle Type Specifications for NETSIM ......cccooiieiiiireinieieeisieesesee s 5-105
60 NETSIM Environmental TableS .......cccveiieiieiiiiesie e eee et eee s ee e ee e nne e 51 09
61  On-Line Incident Detection SPECIfICALIONS.. ......cccovvevecerececeeee et 5-111
62 On-Line Incident Detection Algorithm Parameters.. ........ccoecevveeevieiesece e 5-113

IDI/Viggen il


http://ntl.bts.gov/lib/jpodocs/edldocs1/6408/6408sec5.pdf

TABLE OF CONTENTS

65
66
67

68
69
70

71
72
73
74
80
81
90
95
96
140

41
142
143

144
145
146
147
148
149

150
152
153
170
175
176
177
185
186
187
188
189

On-Line Incident Detection Detector Station 1dentifiCation ...............ccccoveeeeveeeeveeeeesenns o114
Off-Line Incident Detection, Point Processing, or MOE Estimation
Specification (FRESIM) or Evaluation Frequency for Surveillance

DELECIOIS (NETSIM) ...t eetee e et e et st ae s e st en s st nese s s seen s eeneenneeen o115
Off-Line Incident Detection AlQOrithm Parameters............coooeveeeeeeeceeeeeesseeeeesenesesenens 5-1 17
MOE AIQONthm ParamELErS ...........ccocvuiieiieesisisesises st sssssssssss s ssssssssnsns 5119
Off-Line Incident Detection, Point Processing,

or MOE Estimation Detector SLAON..............cccceveveveerieeerereceeeee st se e 5-120
Car-following SenSItiVItY FaCtOr...............ccueueeiieieeecie ettt 2121
Pavement Friction Coefficients-Lag to Accelerate and/or Decelerate.. ..., 5-122

Time to Complete a Lane Change; Minimum Separation
for Vehicle Generation; Lane-changing Probability; Percentage

of Cooperative Drivers, and Nonemergency ACCEIEIation.. ........cccveerererrererreernesernenens 5-123
Vehicle Type SPECITICAION ... 5-125
FRESIM Environmental TaDIES.. ...........cccocuiveieiceeescsccee et 95129
Maximum ACCEIEration TaDIES.............c.ccoeerereeeeeeseeeee ettt :131
OFigiN-DESHNGLION .....veveviiieeetisiee et ee e se e e e e s e seesesse e esesaesessensesesseseesensenessenen 5:133
Optiona Link GEOMELNC DEA........ccereeuireeirieieeisieisie et 5:135
LanNe-Change Par@MELENS ............cocceeieieeeeseseesesseseesessesseseeseseeseesessssseesesseesessesssanessessessens .5-139
Link AQIrEJALIONS. .........cuevireieireicreiete ettt bbb b bbb bbb et 5145
Interchange DEfiNItION D@La..........cvrerieirieisiieesieesese e 5-147
Interchange Origin-Destination Data.............ccccevrvereeseeeesseesee e seeseseseesee e seesssesseees .5-149
Left-Turn Jump, Left- and Right-turning Speeds,

and Lane-switching Acceptable Lag.. ... 5-1 52
Spillback Probability, Probability of Left-Turn Lagger, and Vehicle Length..................... 5154
Acceptable Gap in Near-Side Cross Traffic for Vehiclesat a Stop Sign.......ccoeveeevceceennns 5-1 56
Additional Time for Far-Side Cross Traffic in Acceptable Gap

fOr VENICIES @ @ SLOP SIGN ...ttt se sttt en et ne et .5-158
AMDEr Phase RESDONSE............cccoecueveeieiieiee bbb .5-160
LEFE-TUM GBD ...ttt sttt 5:162
Pedestrian DElAY .............cccceviveiieeiiieee et 5:164
Free-FIOW SPeed PEICENTAJES ...........ccceiieieiecececteeete ettt ns o:1 66
Short-Term-Event DUration PErCENtAgES...........covvveeeeeeeece e sve e 9-168
Link Type Distributions (Queue Discharge Headways

and Start-Up LOSE TIME) ........ccuceerircieieieieisieieeeeeeeete ettt se s 5:170
Dwell Time DIStTBULIONS...............coooiiieicrcreretee et 5:172
Longitudina Distance to Start to Attempt a Lane Change.. .......cooecvveeveeieceeeceieevenennns 5173
Driver's Familiarity With PaNS.. ............cccocciciciecsesee ettt 51 75
SUDNEEWOIK DEITMITEN ...t ere s nnens 5-176
Traffic ASSIGNMENt PATAMELESS............cccvieeiieieieeceececte sttt sttt snnn 2:177
Origin-Destination Trip Table............c.cooeuimveeeeneiiesieeseeessessees s s st ssssseseas 5-181
SOUICEISINK NOUES.. .......ecviieeiiticteieteeiee ettt sttt e e b st e e be st enesbesaenesaensenen 183
BUS SEBLIONS. ....cueeueetieiieiceieie ettt se e s seesensennennennenns 5-185
MeEan DWEII TIMETOr BUSES .........o.oeoeeeeeeeeeeeeeeee e eeeeeereves e esesesaseeseseseeesesssaeeesenssasessaens .5-187
BUS ROULE DEFINITION.......ccueeeeisieisieiee ettt et e e sesa e se e nesaenenne e 5:1.88
BUS-ROULE SEAHION SIOPS ....eveveieciecteete ettt ae bbb neene s 5-190
Bus Headways (FIOW RAIES) ............c...coocuerverireriiesiee ettt senns .5-192

IDI/Viggen iv



TABLE OF CONTENTS

195  Node Coordinate Data.................cccccuriveieieriireieieeiesese et ssae s b ssnes 5193
196 Optiona Link GEOMELNC DEa..........c.covireieereireiiteciee sttt eere e re b e be e 5:194
210 Time Period DEIMITEN..............ccccovevireiireicieiece ettt 5:197
Appendixes
A Warning Messages and Fatal Error MESSAgES ..........ceeeeveeveiiieieere ettt A-l|
B FEDIT .......... [NOT AVAILABLE] ..ottt B-l
C INTOFRE......... [NOT AVAILABLE] ..ottt C-l
D  CORSIM SAMPIEDAASEL .......ceiveeeriieeiriesieesteseesessesessesseseseseesessesessessesessesessessesessessessssensd D-l

IDI/Viggen v


http://ntl.bts.gov/lib/jpodocs/edldocs1/6408/6408appA.pdf
http://ntl.bts.gov/lib/jpodocs/edldocs1/6408/6408appD.pdf

List of Tables

Data Structure

3-1  Run control data required to set up CORSIM Smulation runs.............cccoeeeveeeeeesesnsennn. 32
3-2  CORSIM FECOM TYPES ...vveeenerrererierieseesesteesteseesestesessessesessesessesteessessesesbeseesessenessessesessanes 3:3
3-3  Required record types in FRESIM for point processing,
on-line and off-line incident detection, and MOE eStimation...........cccoeureeureeereeeneeenens 3-6
3-4  Minimum coding requirements for the CORSIM mMOdEIS.........ccoevveeieieieiece s 3-7
3-5  Size limitations of CORSIM network CharaCteristics...........ooeveurvrveveeererecererereeeseeseseenenens 3-8
Record Types
5-1  RECOrd TYPE 00 = FUN IO ........oooeeeeeeeeeeeeeeee s ol
5-2  Record Type 01 = run identifiCation .............cooeeeeeriereeeeeseeseeeeee e eee st seesseeseseeseeseseenes 52
5-3  Record TYPE 02 = FUN CONMION ........ooveeeeeeeeeeeeeee e et e et e e ee et s eeees et eesreneesrensenrenanaeas 23
5-4 FRESIM off-line incident detection OptioNS..............ccceeeiieeeesisieeeees st 25
5-5  Environmental MOE OPLioNS fOr X. .....cccviuiviviecieeiiiesiceseeeete ettt sn st nenena 2
56 Environmental MOE OPtioNS fOr Y...........cccoiuiiiiiecieiee e D7
5-7  Types of Signal tranSitioNS..............cccceueruevieeiereeiesieeesseeeseeeeses s enss s seenens =210
5-8 Record Type 03 -time period SPECITICatioN...........c.cc.eveeeevreircieee e 20-12
5-9 Record Type 04 - time intervals and time steps per time Period.. .......ccvvrneererineneens 5-14
5-10 Record Type 05 - reports and graphiCS ..........ccveveueeeeereeeiereeeseeeeseses s es s eeanin 2-15
511 Record Type 10 -liNK NBMES..........c.ccoeoieeeceeeeeeeeeeteeeer e se e sseenseseensesee e seseen s et 27 19
5-12 Record Type 11 - NETSIM [ink deSCription.. ........cccceeeeieueieeieieeseeeeeree e e s 2-20
5-13  Record Type 19 - freaway [INK GEOMELTY ........covveeieieeeeeeeeee ettt 2-28
5-14 Record Type 20 - freeway link OPEration .........ccccevvivierereeininisisseie e a-34
515 Record Type 2 1 - surface Street turn MOVEMENES.. .......cuvvreeeiririeiieseeesesieese et 0-37
516 Record Type 22 - conditional turn MOVEMENES.. .......ccereeriririririeereeesese e e 2=39
5-17 Record Type 23 - turn movement variations within atime period.. .........ccoovvvrininininen 5-42
518 Record Type 25 - freeway turn MOVEMENES...........ccccvveeeeieeeeeeieereceseereesstere st sessessseseenas 2-44
5-19 Record Type 28 - freeway surveillance SpeCification.. .......cceovvererireinienei e 0-46
5-20 Record Type 29 - freeway incident SPECITICAtION ........ovrerieirierieire e 0-48
5-21 Record Type 32 - freeway lane add and/or drop..........cccceeeeeeeereeeiercieececeee e 251
5-22 Record Type 35 - sign or pretimed signal control timing.. ......ooeeeeeerereneneseeseeeeseeeeeas 5-53
5-23  Record Type 36 - sign or pretimed signal CONtrol COOES .........coveervereeeriererinieereeeieseens o-55
5-24  Record Type 37 - freeway MELENING.. .......ccoovieeieeeeeeeeee e e et s e s e et s e ee s e eensee e eeans 560
5-25 Record Type 3 8 - freeway metering detector SpeCification.. .........ceoveereerenenenenenenins .0-64
5-26  Record Type 42 - surveillance detector SPeCifiCation.. .......ccceereeererrenereneseeese s o-66
5-27 Record Type 43 - approach configuration for NETSIM actuated controller ..................... .5-68
5-28 Record Type 44 - coordination for NETSIM actuated controller.. ..........ooocvcvcrnicnnn. 571
5-29 Record Type45 -traffic movementsfor NETSIM actuated controller.. ... 5-75
5-30 Record Type 46 - detectors for NETSIM actuated controller.. .......cocooerereninenenicncnennn S5-77
5-31 Record Type 47 - phase operations for NETSIM actuated controller ..., 581
5-32 Record Type 48 - pedestrian operations for NETSIM actuated controller.. .........cc........... .5-89
5-33  Record Type 50 - entry link VOIUMES...........ccccuiieieiieiceceeeeeeeeeeis st 292
5-34 Record Type 5 1 - traffic volumes on source/sink lINkS...........coccvevieeeeescececececceces 0-94
5-35 Record Type 52 = 10ad fACIOTS. ......c.ceveeieeieeeceeeece ettt en 127 DO

IDI/Viggen vii



LIST OF TABLES

5-36
5-37
538
5-39
5-40
5-41
5-42
5-43
5-44
5-45
5-46

o-47
5-48
5-49
5-50
51

5-52
5-53
5-54

5-55

5-56
5-57
5-58
5-59
5-60
5-61
5-62
5-63
5-64
5-65
5-66
5-67

5-68
5-69
5-70
>71

5-72

IDI/Viggen

Record Type 53 - entry link and source/sink volume variations within a time period......5-9 7
Record Type 54 - ShOrt-term @VENLS.............c.ccoevviviecrcrceceecece e 5-100
Record Type 55 - 10NG-tErM EVENES........ccccvcuiiieceecetees ettt 5-101
Record Type 56 - parking aCtiVIty ........cccovriiririeiiiiesise s 5:103
Record Type 58 - vehicle type specifications for NETSIM.........ccccocvvevcncnicnicnnns 5-1 05
Default vehicle type specifications if Record Type 58 iS N0t USEd.. .......ccoveuvvcrrecrrincnnn. .5-106
Record Type 60 - NETSIM environmental tables ............coevveeeeeeiececicecececeee e -109
Record Type 61 - on-line incident detection SPECITICAIONS.. ........cocvvurevreerenereineirienieenns 5-111
Record Type 62 - on-line incident detection algorithm parameters.. .........coocevvvereeeennns 51113
Record Type 63 - on-line incident detection detector station identification.. .................. 5-114

Record Type 64 - off-line incident detection, point processing, or MOE
estimation specification (FRESIM) or evaluation frequency for

surveillance detectors (NETSIM) ... .5-115
Record Type 65 - off-line incident detection algorithm parameters. .......ccooevvriecinee. 5117
Incident detection algorithm ParamELErs..............cocveieerieeieesee e, 5118
Record Type 66 - MOE agorithm parameters.. ..........ccccviecsveeceeseese s 5-119
MOE PAIEIMELENS........ocueeeeeseeeceeteeeeeesee sttt seess s s ss sttt ebess s s ssssstatetebese s s s sssssteserenas 2119
Record Type 67 - off-line incident detection, point processing,

or MOE estimation deteCtor StatioN...........cceeeeiieieeireeeeseeee s et 5120
Record Type 68 - car-following sensitivity faCtor............ccocovvviceiecicsseeeeeseee e 5121
Car-following headway FaCLOIS.. .........cccvieviieeeieeiee e saenes 5121
Record Type 69 - pavement friction coefficients-

lag to accelerate and/or AECAIEIALE. ............c.cvuiveeeeieee e 5-122

Record Type 70 -time to complete a lane change; minimum separation
for vehicle generation; lane-changing probability; percentage

of cooperative drivers, and nonemergency acCeleration.. ..........cceveevererreersererseeennnns 5123
Record Type 71 - vehicle type SPECITICALION.. ........c.cccuvieeeceieceeeeee e 5125
Default values for the fleet COmPONENES..........ccc.ooeveevecisciieiiss e, 5126
FRESIM VENICIE TYPES.. ...ttt et ee st es s s s s en s enassenenennensnnaenn 5-128
Record Type 72 - FRESIM environmental tables..........ccooevveeeieiiecececeeceeee e 5129
Record Type 73 - maximum acceleration tables.. ...........c.ceovveveeeeccececee e 5131
Record Type 74 - Origin-deStiNGLioN ...........ccevveeeiieeeiieeeeeeeseseee s sssseans .5-133
Record Type 80 - optiona link geOMELriC data.. ........coocveeveireireireciececrece e 5-135
Record Type 81 - lane-change Parameters.. .........coveeeeeeeieeieeieeeeieeeeceeee e 5139
Record Type 90 - link aggregations. ...........cccuveeeeireeeieeeeee e sess st s esre e 5-145
Record Type 95 - interchange definition daa. ...........cocceeveeeeiceeeccece e .0-147
Record Type 96 - interchange origin-destination data.. .............cccceeeeiieeeeeseeeeeseeseens 5-149
Record Type 140 - left-turn jump, left- and right-turning speeds,

and lane-switching acCEPtalle 180 ..........cooeeeeeeeee ettt ettt ae e 5-152
Record Type 141 - spillback probability, probability of left-turn lagger,

AN VENICIE TENGEN ...ttt ettt ettt ettt e e et eaeeaeeae e 2154
SPIllDaCK ProBADIITIES .........eceeeeeeeeeee ettt ettt ettt e et ettt et st eeereereseeeneene i1 5:155
Default VENICIE [ENGLNS ..........oceeiieeceeeceee e 2:155
Record Type 142 - acceptable gap in near-side cross traffic

fOr VENICIES @ @ S0P SIGN.. ...ttt ettt ettt et et et et et ereeaeeaeereent n:1 56
Distribution of acceptable gaps in Cross-street traffic.........ooceveeeeeeeeeecceeeceeeceee 5-1 57



LIST OF TABLES

5-73

S5-74
5-75
5-76
o177
5-78
5-79
5-80
5-81
5-82
5-83
5-84
5-85
5-86
5-87
5-88

5-89
5-90
91
5-92
5-93
5-94
5-95
5-96
5-97
5-98
5-99
5-100
5-101
5-102
5-103
5-104
5-105
5-106
5-107
5-108

IDI/Viggen

Record Type 143 - additiona time for far-side cross traffic

in acceptable gap for vehicles a a Stop SIgN ..o 5-158
Defaults for time in addition to acceptable gaps for far-side gaps.. ......ococevevvecrericnene, 5-1 59
Record Type 144 - amber phase rESPONSE ........c.cccvevcvreecrneressessese s sssssssssssssesenens 51 60
Defaults for amber Phase rESPONSE..........c.ccuevueeeeeeeie ettt .5-161
Record Type 145 = [&ft-tUMM gaD............coveveeeeeeeeeeete ettt 2:162
Acceptable gap in oncoming traffic for [eft-turners.. ... 5-1 63
Acceptable gap in oncoming traffic for right-turners.. ..., 5163
Record Type 146 - pedestrian delay............coocvecieeeceeecceeeseee e 51 64
Default distribution of weak interaction for pedestrian delay ..........cccoecvvcvvcerecrricnnn. 5-165
Default distribution of strong interaction for pedestrian delay.. ........coeccvvveeccreveeeeennnes 5-1 65
Default durations of strong interaction periods for pedestrian flow levels...................... .5-165
Record Type 147 - free-flow speed percentages.. ..........occeveeeeenevecesseeceeseee e .5-166
Default distribution of free-flow speed percentages. ..........ocococeveeeceveeeceseeeee e, .5-167
Record Type 148 - short-term-event duration Percentages.. .........cccveeeveerenererreueeseenes o 5-168
Default distribution of multiplier for short-term-event duration..............c.ccoeeecveecvrienne. .5-169
Record Type 149 - link type distributions (queue discharge headways

aNd SEArt-UP 1OSE tIME) ...t saenes | resssesssssnsnes 5-170
Default distribution of multiplier for start-up lost-time percentages.. .........c.oeveeereeeenece. 5171
Default distribution of multiplier for discharge headway percentages..........ccoocvreeenneee. 5171
Record Type 150 - dwell time diStriDULIONS ..............cooeuvivieeeeeeee e 5-172
Record Type 152 - longitudinal distance to start to attempt a lane change..........co........ .5-173
Default distribution of distance to start to attempt a lane change..........cccccovevevirccnennes 5174
Record Type 153 - driver’s familiarity With paths.. ...........cccooviiiieiiececc e 5-1 75
Defaults for percentages of driver's familiarity with paths.........ccccooveiviviviciceiiiccienne, 5-175
Record Type 170 - subnetwork delimiter.. ..........coceveevceeciieeeieeieee e 5-1 76
Record Type 175 - traffic assignment parameters............coocvveuveeeeeeeeseeecesee s 5-1 77
Record Type 176 - origin-destination trip table.. ..........c.coooveveeiiiee e 5181
Record Type 177 = SOUrCE/SINK NOGES .........cceeieieeieceeee e 5-183
Record Type 185 = DUS SLEONS.............ccoeveeeeeeceeeectctete e es s b et snna 2-185
NETSIM distributions for the percentage of mean dwell time.. ..., 5-1 86
Record Type 186 - mean dwell time for DUSES ..........ccccveveeieceecececee e .H-1 87
Record Type 187 - bus route definition ...............ccooeieeericeieeieesee s .5-1 88
Record Type 188 - bus-route Station SLOPS.. .........cccceeeveueieeicreieseeeee e 2>190
Record Type 189 - bus headways (FIOW Fates). .......ccovevevreereierieieiisieeeseeeeseeeesee s 51 92
Record Type 195 - node CoOrdinate data..............c.ccceeeveveeeeireeeesree e sesressesressnans 2-193
Record Type 196 - optional [ink geometric data.. ...........cccvvevveeeveercecsee e, 5194
Record Type 2 10 - time period delimiter.. ..........ccocveererereeeeeeeeeeeeeeeeve et o1 97

iX



Introduction

[-1  TRAF family of MOGEIS. ... -3
The CORSIM Model

2-1  Multipleemodel NEIWOTK ... 2-3

2-2  Animated network display of traffic floOw...............ccoooiii 28
Data Structure

3=l CORSIM data StIUCIUIE .......ooviviiii 3
Overview

4-1  Intersection layout converted to a link-node Gaiam. ... 4

Record Types

5-1  Time intervals per time Period.......ooovoiiriiiiniii e 2-18
5-2  Examples of 1ane ChanNEliZations............cccoeeeeeeeeeeeeseeeeese e ees e e s e eeseen e seeenens e 227 20
5-3 NETSIM lane-numbering ProCEUUNE ...........ccccvuevevevereerieeeeeeesesssesesesese et ssnsssnenens s sesese i 20
5-4  Freeway lane identifiCation COUES.. ..........cocmrrmvrrceeseeiees sttt s sssssens 531
5-5 Typica freeway link CONfiQUIationS...........cccovveeveeeirieeeienseeeies et 5-32
56 Examples of 1ane @lignment.. ..............ccoooeueviiiieeeeeeeeseeere et 0T3O
5-7 Examples of alane add, alane drop, and successive lane drops.. .........ccvreereeeeceeneeneene. 5-52
5-8 Sign and pretimed Signal CONErOl COUES .....uveurereerrereerreeeisneeeessesseesseesseiseessessesesesssessesenees .2-59
5-9 Typica ramp-metering CONfIQUIBtioN.. ...........c.ccueuiieeeieeeieieteteeee e be s 261
5-10 Record field configuration for the two detector groups.............cceveveeeeeeeeeeee e o-79
511 Gap SEING VEISUS LM, eeeee et et eee et ee et et eeeee et eeseeeeeeeeeeeeeseseneeeeeeneeeed .2-86
5-12  Phase PAIr ON GUBL FING.......coeeeeeeeeeeeeeeee et et e e ee et et et s s eseaesee st eneseseseseseseesenanaens 287
5-13  Phases with overlapping MOVEMENLS.. ..........coveueeeereeeeseeeseseesesseesssseessesss s ssssnesssesens .5-88
5-14  Traffic generators and Sinks as @ SOUrCE/SINK NOTE ...........ccecveveveeeeiceeeriseeseeeesses s, 5-95
515 Postion of intersection BIOCKAGE............cceeeeieeeeeeeeeeeeeereseereseeneseenseseenseseen e 227 102
5-16 Approximate linear relation between speed and acCeleration.. ........c.coecreeencerneereerneeeees 5106
5-17 Example of origin-destination iNPUL.. ............ccceueveeeireeeeeeeeeeeeerere s 20 L3S
5-18 Node coordinate requirements for MICIONOUES............ccccveeririririsiceeeeere s o2~ 130
5-19  Lan@-ChanGiNg FACOIS ........ccoovoieeeeeeeeeeeee et et e eeee et e et et et et e e eenesessseeeeeseseneneneeenseans 2143
5-20  Unidirectional traffic of SOUrCEISINK NOTES............ovoveeeeeeeeeeeeeeeeeeeeeeeeeee et e e eeeseeeeeeea 2-184
521 Source/sink node configuration for tWo dir€CtioNS.. ........cccueveveererieinisieerese e 5184
5-22 Use of entry and exit nodes to handle two-directional O-D traffic.. ..o 5-1 84

| DI/Viggen Vi



Introduction

n traffic engineering, the concept of traffic control is giving way to the broader philosophy of
Transportation Systems Management (TSM), whose purpose is not to move vehicles, but to optimize
the utilization of transportation resources to improve the movement of people and goods without
impairing the community.

One of the most important analytical tools of traffic engineering is computer simulation. If atraffic
system is simulated on a computer by means of a simulation mode!, it is possible to predict the effect
of traffic control and TSM strategies on the system’s operational performance, as expressed in terms of
measures of effectiveness(MOES), which include average vehicle speed, vehicle stops, delays, vehicle-
hours of travel, vehicle-miles of travel, fuel consumption, and pollutant emissions. The MOEs provide
insight into the effects of the applied strategy on the traffic stream, and they also provide the basis for
optimizing that strategy.

Computer simulation is more practica than a field experiment for the following reasons:

> |tisless costly.
> Results are obtained quickly.

> The data generated by simulation include several measures of effectiveness that cannot
be easily obtained from field studies.

= The disruption of traffic operations, which often accompanies a field experiment,
is completely avoided.

> Many schemes require significant physical changes to the facility, which are not acceptable
for experimental purposes.

= Evaluation of the operationa impact of future traffic demand must be conducted by using
smulation or an equivalent analytical tool.

The availability of traffic smulation models greatly expands the opportunity for the development of new
and innovative TSM concepts and designs. Planners and engineers are no longer restricted by the lack of
a mechanism for testing ideas prior to field demonstration. Furthermore, because these models produce
information that alows the designer to identify the weaknesses in concepts and design, they provide the
basis for identifying the optimal form of the candidate approach. Finaly, because the results generated
by the model can form the basis for selecting the most effective candidate among competing concepts
and designs, the eventua field demonstration will have a high probability of success.

The Role of the TRAF Models

Many TSM strategies affect the mode and route choice of trip-makers. To test the effect of TSM
schemes on trip patterns, it is necessary to anayze an area that contains a substantial portion of the
routes that the trip-makers may follow. There is a need, therefore, for a simulation model that is capable
of representing traffic flow in large urban areas containing surface street networks and freeways and that
has reasonable computer usage requirements. This concept of a single integrated simulation system

that can provide the user with flexibility and ease of use and that can optimize the efficiency of all
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INTRODUCTION

computations was conceived by the Federal Highway Administration (FHWA) in the mid- 1970s.
FHWA has since supported a series of projects to implement this design and to develop the software
for TRAF.

TRAF consists of an integrated set of simulation models that represent the traffic environment. Because
the need for detail and precision usually varies from one portion of the network to another, it is necessary
to provide the user with the flexibility to tailor the selection of simulation models according to his specific
needs. The user can partition the analysis network into subnetworks, each of which is analyzed at a
different level of detail. The interfacing of the various subnetworks is accomplished automatically by the
software.

Each component model in TRAF is designed to represent traffic on a particular physical environment
(urban streets or freeways) and at a specific level of simulation detail (microscopic or macroscopic).
Microscopic simulation models represent movements of individua vehicles, which include the influences
of driver behavior. The effects of very detailed strategies, such as relocating bus stations or changing
parking restrictions, can be studied with such models. Less detailed strategies, such as changes in
circulation patterns, can be studied with macroscopic simulation models, which can aso be used to gauge
the impact of very detailed strategies outside the boundaries of the area in which they are implemented.

The TRAF system aso includes a traffic assignment program, which is designed to expand the
applicability of traffic smulation modeling to transportation planners. The program internally translates
the origin-and-destination data-which is readily available to the planning community-into aform
suitable for use by the simulation models.

The Traffic Environment

The trafftc environment, which must be specified by the user to exercise the TRAF models, consists
of the following:

> Topology of the roadway system (in the form of a link-node diagram)
>Geometrics of each roadway component
> Channdlization of traffic (such as left, through, right, buses, and Carpools)

> Motorist behavior that determines the operational performance of vehicles in the system
(such as acceleration, deceleration, and yellow-light response)

> Traffic control devices (stop, yield, signa timing, and detectorization)

> Traffic volumes entering the roadway system

> Turn movements or origin-and-destination data

> Transportation modes (cars, carpools, trucks, and buses)

> Specification of the bus system (routes, stations, and frequency of service).

To provide an efficient framework for defining these specifications, the physical environment is
represented as a network comprised of nodes and unidirectional links. The links generally represent
urban streets or freeway sections, and the nodes generally represent urban intersections or points a which
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a geometric property changes (such as a lane drop, a change in grade, or a major midblock traffic
generator).

The TRAF System

TRAF is an integrated software system that consists of the following component models:

= NETSIM, a microscopic stochastic smulation model of urban traffic

= FRESIM, a microscopic stochastic smulation model of freeway traffic

> NETFLO 1 (Leve I), adetailed macroscopic simulation model of urban traffic

> NETFLO 2 (Levd 2), aless detailed macroscopic simulation model of urban traffic
> FREFL O, amacroscopic simulation model of freeway traffic.

TRAF and its support programs (which are discussed in the next chapter) interface with these models
in a coherent, integrated system. NETSIM and FRESIM are discussed in this manual, while NETFLO 1,
NETFLO 2, and FREFLO are discussed in the CORFLO User Manual.

The naming system for these models is based on a combination of prefixes and suffixes and is depicted
infigurel-l. The prefixes NET and FRE indicate a surface street network and a freeway network,
respectively, and the suffixes SIM and ALO indicate microscopic simulation and macroscopic smulation,
respectively. The combination of NETSIM and FRESIM is named CORSIM, for corridor-microscopic
simulation. The NETFLO 1, NETFLO 2, and FREFLO models are distributed as a group for use in
analyzing transportation corridors, and the group is named CORFLO, for corridor-macroscopic
smulation.

Microscopic Macroscopic

Freeways

Surface
Streets

Figure 1-1. TRAF family of models.

The network that represents the traffic environment can be divided into subnetworks, which interface
with one another. The user has tota control over partitioning the analysis network into its component
subnetworks. The choice of subnetwork configuration (and assigned simulation models) depends on

many considerations, which include the following:
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> The level of detail desired for the study
=The network topology

= The anticipated level of traffic congestion
= The extent of mass transit operations

= The detall of input available.

For urban networks-which require ahigh level of detailed analysis and for which avail able resources for
data collection are ample-the user can select the most detailed urban simulation model, CORSIM.
When some of the above conditions are absent, the user can conserve resources-and still obtain results
of satisfactory quality-by using CORFLO.

Another consideration in model selection is the intent of the study. If the user is exploring traffic
management concepts and wishes to identify those that are viable candidates for more detailed analysis
in the future, the CORFLO model might be used to analyze the initid strategies. For the more detailed
study, CORSIM would be used. The TRAF input format is designed to minimize the effort involved in
changing from one subnetwork configuration and model assignment to another.

Another important feature of TRAF is that characteristics that change over time, such as signa timings
and traffic volumes, can be represented by dividing the simulation into a sequence of user-specified

time periods, during which the traffic flows, the traffic controls, and the geometry are held constant.
Therefore, the morning rush hour might be smulated with one time period representing pre-rush hour,

a second representing rush-hour timing, and a third representing the post-rush-hour flows. These time
periods are further divided into time intervals, during which each of the simulation models is executed for
its subnetwork in turn. This process facilitates TRAF's internal management of the simulation.

For convenience, the time interval is usually specified as the most common signal cycle length.
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Input Data

Because CORSIM simulates the traffic and traffic control conditions of a network over a period of time,
the input must accommodate specifications that not only differ from one point on the network to another,
but that might also change with time. Furthermore, the structure of the input stream must reflect the
concept of network partitioning.

The time-varying portion of the smulation analysis is expressed as a sequence of “time periods’

specified by the user; that is, the input data specified by the user for a certain time period remains in force
unless changed in a subsequent time period. The user can specify up to 19 time periods and must specify
the conditions that apply during each period. Therefore, the input stream consists of a sequence of
“blocks” of data records, with each block defining the conditions that apply to one time period.

For the CORSIM model, which contains both the NETSIM and FRESIM models, the spatial extent

of the traffic environment is defined as a set of “subnetworks,” which reflect the concept of network
partitioning. Each block of data records for a time period is subdivided into “sections’ of data records.
Some sections define conditions on particular subnetworks, while others provide inputs for the
specifications that must be specified for the “global” network (such as bus routes).

Within each section, the input stream consists of a sequence of “record types,” which are dso
caled “cards’ and “card types.” Each record type contains a specific set of data items as well
as an identification number.

CORSIM contains a thorough set of diagnostic tests for input, which are executed in the following
sequence:

v Test that the structure of the input stream is correct, that all records are in proper sequence,
and that no required records have been omitted.

v Test that each data item is valid and that its value lies within a “reasonable” range.
v Test that the set of data items on a record is internally consistent, with no missing items.

v Test that al the data items on the set of records belonging to one record type
are consistent and that the set is complete.

v Test that the data on all record types of a particular classification are compatible and that
the classification is completely defined. A classification describes an attribute of the traffic
environment, such as network geometry, traffic operations, intersection control, and traffic
demand. All the record types belonging to a classification are grouped together.

v Test that the data items of al classifications are compatible and completely define
the network.

Whenever an error is detected in the tests outlined above, an error message is generated (see Appendix
A). Each message contains sufficient information to alow the user to identify the cause and make any
required changes.
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Two categories of messages are identified: “ warning messages’ and “fatal error messages.” Warning
messages identify unusual conditions that may or may not represent an error. Conditions that lead to
warning messages will not prevent the smulation from running, but they may lead to an incorrect result,
The legitimacy of such conditions should always be verified by the user. Fatal error messages identify
conditions that will prevent the simulation from running.

Because of data interactions and the complexity of the diagnostic tests, the presence of a single error
can generate a large number of messages. An effort has been made to restrict extensive output that
reports numerous inconsistencies stemming from a single error. Therefore, severa diagnostic tests
are not performed until entire sections of the data are error free. For example, the logic checks that

the geometric and traffic control specifications provide a means to discharge al traffic that might enter
each link. On an urban subnetwork, this requires consistency between several different types of data:

v Turn movement data must identify the expected discharging movements from each link
(Record Type 2 1).

v Geometric specifications must identify a receiving link for traffic executing each of these
discharge movements (Record Type 11).

v Traffic control specifications for the link must provide some opportunity (sign or signal
phase) to service traffic for each of these turn movements (Record Types 35 and 36 for
pretimed controllers and Record Types 43-48 for actuated controllers).

Because of similar data interactions, many tests on traffic assgnment data and bus transit operations
are not performed until much of the data is error free.

Model Integration

In a multiple-model network, each of the component models of CORSIM simulates a different
subnetwork. The interfacing of adjoining subnetworks is accomplished by defining “interface nodes’
(as shown in figure 2-1), which represent points at which vehicles leave one subnetwork and enter
another. Nodes of this type are assigned specia numbers to distinguish them from other nodes in the
network. The terms “entry interface links,” which receive traffic from the adjoining subnetworks, and
“exit interface links,” which carry traffic exiting the subnetwork to adjoining subnetworks, are used to
describe links at the boundaries of the subnetworks. In addition to defining the subnetwork partitioning,
the user must identify the duration of time known as the “time interval” (see Record Type 04). A
subnetwork is simulated once over each time interval. During that time, vehicles scheduled to enter
from adjacent subnetworks enter the current subnetwork at the appropriate time. All vehicle movements
throughout the subnetwork are smulated over the course of the time interval. As vehicles reach adjacent
subnetworks, their scheduled time to enter the next subnetwork is stored.

At the end of atime interval, the next subnetwork is smulated over the same time interval. This process
is repeated for the next time interval until the requested duration of the run is completed.

Figure 2-| illustrates a multiple-model network in which a city’s central business digtrict is bordered

by a freeway. The freeway sections can be modeled with FRESIM, while the urban subnetwork can
be modeled with NETSIM. Other subnetworks will be processed in a similar manner. Once the user
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identifies the appropriate subnetwork representation, all interfacing processes are handled internally

by the model by the interface logic.
Appendix D containsthe CORSIM sampledataset, which isincluded in the CORSIM package
and represents a multiple-model network similar to figure 2- 1.

FRESIM Subnetwork

\ogar 2>
e\

o
&\
=) BT
8008 -

80 2 3 - Entry/ ExitNode (one or two links attached)
Interface Node (one link attached)
Source/Sink Node (two links attached)
@ Internal NOde (two or more links attached)

Figure 2-1. Multiple-model network.
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Installation and System Requirements

For detailed instructions on installing any of the TRAF components, refer to the TSIS User Guide.

The following hardware ensures that CORSIM and its supporting programs run correctly:

v Computer  SO386/803 87 or higher

vMemory 640 K of conventiona memory and 16 MB of extended memory,
with 13.5 MB free at execution

Thefollowing hardware and software ensure that GTRAF-the optional postprocessing graphics
package-performs properly:

v Monitor with EGA or higher resolution

v GSS*GKS device drivers (version 2.14 or higher)
v Mouse

v Printer
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Simulation Models

NETSIM

NETSIM applies interval-based smulation to describe traffic operations. Each vehicle is a distinct object
that is moved every second. Each variable control device (such as traffic signals) and each

event are updated every second. In addition, each vehicle is identified by category (auto, car-pooal,

truck, or bus) and by type. Up to 16 different types of vehicles (with different operating and performance
characteristics) can be specified, thus defining the four categories of the vehicle fleet. Furthermore,

a “driver behaviora characteristic’ (passive or aggressive) is assigned to each vehicle. Its kinematic
properties (speed and acceleration) as well as its status (queued or free flowing) are determined. Turn
movements are assigned stochastically, as are free-flow speeds, queue discharge headways, and other
behaviora attributes. As a result, each vehicle's behavior can be simulated in a manner reflecting real-
world processes.

Each time a vehicle is moved, its position (both lateral and longitudina) on the link and its relationship to
other vehicles nearby are recalculated, as are its speed, acceleration, and status. Actuated signal control
and interaction between cars and buses are explicitly modeled.

Vehicles are moved according to car-following logic, response to traffic control devices, and response
to other demands. For example, buses must service passengers at bus stops (stations); therefore, their
movements differ from those of private vehicles. Congestion can result in queues that extend throughout
the length of a link and block the upstream intersection, thus impeding traffic flow. In addition,
pedestrian traffic can delay turning vehicles at intersections.

The following list summarizes the major features of the NETSIM simulation model. Most of these
microscopic treatments are transparent to the user, whose prime concern is the description of traffic
operations provided by the model:

v Fleet Components (buses, carpools, cars, and trucks)
v Load Factor (the number of passengers/vehicle)

v Turn Movement

v Bus Operations (paths, flow volumes, stations, dwell times, and routes)
v HOV Lanes (buses, Carpoals, or both)

v Queue Discharge Distribution

v Detalled Approach Geometry

v Stop and Yield Signs

v Pretimed Signa Control

v Signal Ring-actuated Control

v Dud Ring-actuated Control

v Number of Lanes per Approach (a maximum of 7)

v Incidents and Temporary Events
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FRESIM

FRESIM is a microscopic freeway simulation model that models each vehicle as a separate entity.
The behavior of each vehicle is represented in the model through interaction with its surrounding
environment, which includes the freeway geometry and other vehicles.

The FRESIM model is a considerably enhanced and reprogrammed version of its predecessor, the
INTRAS model. The enhancements include improvements to the geometric representation as well
as the operationa capabilities of the INTRAS model. As a result, FRESIM simulates more complex
freeway geometrics and provides a more realistic representation of traffic behavior than INTRAS.
These enhancements have also resulted in a more flexible and user-friendly model.

The FRESIM mode is capable of smulating most of the prevailing freeway geometrics, which include
the following:

v One to five through-lane freeway mainlines, with one- to three-lane ramps
and one- to three-lane inter-freeway connectors

v Variations in grade, radius of curvature, and superelevation on the freeway
v Lane additions and lane drops anywhere on the freeway

v Freeway blockage incidents

v Work zones through the use of the blockage incident capability of the model

v Auxiliary lanes, which are used by traffic to begin or end the lane-changing process
or to enter or exit the freeway.

The model also provides redlistic smulation of operational features, which include the following:

v A comprehensive lane-changing model
v Clock-time and traffic-responsive ramp metering
v Comprehensive representation of the freeway surveillance system

v Representation of six different vehicle types, including two types of passenger
cars and four types of trucks, each having its own performance capabilities

v Heavy vehicle movement, which may be biased or restricted to certain lanes

v Differences in driver habits, which are modeled by defining 10 different driver
types, ranging from timid drivers to aggressive drivers

v Vehicles reaction to upcoming geometric changes; the user can specify warning signs
to influence the lane-changing behavior of vehicles approaching a lane drop, incident,
or off-ramp.

Although FRESIM is the most powerful and detailed freeway simulation model developed thus far by
FHWA, it has some limitations that may restrict its application for certain freeway operations studies.
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For instance, there is no direct capability for representing HOV operations, and there is no direct
modeling of the effect of reduced lane width.

Traffic Assignment

Traffic assgnment supports the use of the simulation programs as part of CORSIM, but it is not a
smulation program in itsalf. The traffic assgnment model interfaces with the NETSIM component

of CORSIM only and uses conventional traffic assgnment techniques, along with user equilibrium and
system optimization capabilities. The purpose of including a traffic assgnment model in CORSIM s to
extend the potential user group for this program to include planners and traffic engineers.

The planner usually has sufficient information available to produce a table of origin-and-destination
volumes that represent traffic demands over an area for a specified period of time. For this information
to be useful as input in a smulation program, it must first be transformed into link-specific turn
percentages. The mechanism for performing this transformation is the traffic assgnment model.

The interfacing logic is designed to perform data manipulation internaly, thus freeing the user to focus
attention on providing the origin-and-destination table. This logic will read and check the data and
then perform the necessary data organization to provide the traffic assgnment program with its data
requirements. Subsequently, it will create turn percentages and entry volumes for input into one or
more of the specified component simulation programs. At that point, the simulation analysis can run.

TRAF Support Programs

There are three major support programs for TRAF:

1 TSIS, whichistheintegrated traffic software system that supports the execution
of the various TRAF simulation models and support programs

2 TRAFEdit, which aids in the creation of datasets for running TRAF
3 GTRAF, which displays the output data graphically.

TSISisaset of utility programs that provide menu-driven access to the TRAF family of traffic
engineering tools. TSIS can invoke the TRAF models and support programs, and it comes with an
“install” utility. TSIS and the TRAF programs are available from the PC-TRANS andMcTrans software
distribution centers. TSIS is described in detall in the TSS User Guide.

TRAFEdit isan interactive data editor used to create and modify input datafor the TRAF system, and
the user typicaly invokes the program from within TSIS. TRAFEdit is a menu-driven system that has
two component editors:

1 Smart Edit, which is designed to facilitate the creation of large datasets simulating many
links and nodes

2 Quick Edit, which is designed to quickly make the numerous “debugging” changes that
arerequired when devel oping a TRAF dataset. These changes are often triggered by
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examination of the GTRAF outputs that show discrepancies between what the simulation
is doing and what is observed in the “rea” network.

TRAFEdit is described in detail in the TRAFEdit User Guide.
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GTRAF is the interactive display postprocessor for the NETSIM simulation model, and it supports

static and animated displays of traffic information and statistics from NETSIM. [FHWA is currently
developing the FRESIM postprocessor graphics package.] When setting up the run, the user must specify
(on Record Type 05) that graphics output is desired. The animated displays present an aerial view of the
trafficin anetwork. GTRAF issuitable for traffic operations analysis aswell asthe presentation of
“before and after” studies to convince the audience of the utility of the simulation results.

In figure 2-2, which shows one screen of an animation, the arrows represent the signal controls for the
corresponding approaches to the intersection. The rectangles represent cars, trucks, and buses, which
are displayed in color. They change color depending on whether they are through, left-turning, or right-
turning vehicles. Other graphical displays allow the user to show the link-node structure of the network,
traffic volumes, control parameters, and bus routes. A detailed link display depicts al of the data about
aparticular link in a one-screen view so that the information can be examined in detail.

GTRAF is described in detail in the TRAF Graphics User Guide.

Figure 2-2. Animated network display of traffic flow.
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rafficmodel s are amathematical representation of the real world. Traffic simulation models
are representations of the time-varying processes in traffic flow, and they require accurate
descriptions of the characterigtics of the vehicles, the street system, and the traffic control
system. These characteristics vary over the physical network and over time. The characteristics
that vary over space include the following:

v Traffic geometry (such as the number of lanes and turning pockets)
v Types of links (such as surface streets or freeways)
v Elements of traffic behavior (such as gap acceptance).

The characteristics that vary over time include the following:

u Traffic volumes

u Turn movements
u Traffic regulations
u Signal timing.

Input Stream

The input for CORSIM is arranged to facilitate the description of the variation in data. The input stream
begins with a dataset that provides a basic description of the run being made (run control data), and it is
followed by a dataset that is divided into time periods, each of which has model-specific data for each
type of traffic network that is being simulated (model data). Each dataset is divided into a series of SO-
column records. The first time period is unique because it contains the data that does not vary from time
period to time period. At the end of the model data for the first time period is global network data that is
applied to al subnetwork data. This global data describes traffic assignment [origin-destination (O-D)
data], bus operations, and other data that applies to al subnetworks.
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FIGURE 3-1. CORSIM data structure.

TABLE 3-1. Run Control datarequired to set up CORSIM simulation runs.


HTTP://ntl.bts.gov/lib/jpodocs/edldocs1/6408/3-2.pdf

DATA STRUCTURE

[] Required.
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Table 3-2 indicates whether each of the remaining record typesis required or optional.
When there is only one defining symbol for amodel, it appliesto Time Periods 1-19.
When there are two defining symbols for a model, the first appliesto Time Period 1, and
the second applies to Time Periods 2-19.

TABLE 3-2. CORSIM record types. (Pages 3-4 to 3-6)

TABLE 3-3, Required record typesin FRESIM for point processing, on-line and off-line
incident detection, and M OE estimation

TABLE 3-4. Minimum coding requirements for the CORSIM models

TABLE 3-5. Sizelimitations of CORSIM network characteristics.

PAGES 3-4 to 3-9


HTTP://ntl.bts.gov/lib/jpodocs/edldocs1/6408/TABLE32.pdf
HTTP://ntl.bts.gov/lib/jpodocs/edldocs1/6408/TABLE33.pdf
HTTP://ntl.bts.gov/lib/jpodocs/edldocs1/6408/TABLE34.pdf
HTTP://ntl.bts.gov/lib/jpodocs/edldocs1/6408/TABLE35.pdf

Network Description

Thefirst step in defining adataset for CORSIM is describing the geometrics of the network. CORSIM
uses the concept of links and nodes: Links are one-directional segments of streets or freeways, and nodes

are usualy the intersection of two or more links. Initidly, the user must obtain geometric pictures of the
network, such as aeria photographs or maps. A basic drawing of the geometry of a single intersection is

shown in figure 4-I.
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Figure 4-1. Intersection layout converted
to alink-node diagram.
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Each link represents one direction of a street, and links are defined in terms of the nodes at each end. For
entry and exit links, a dummy node is placed between the entry or exit node and the internal node, which

alows for the collection of statistics on the traffic approaching and exiting the nodes on the periphery of

the network.

Links are controlled by the nodes at their downstream end. For entry and exit links, a dummy node
between the entry or exit node and the internal node should be controlled by a perpetua green. There
isno control specified for the entry, exit, and interface nodes, and there is no control specified for the
internal centroid nodes (Record Type 5 1).

Data Record Types

This section provides an overview of the various blocks of data records that are used to input data
in CORSIM.

Run control data

Run control data consists of six record types:

@ Record Type 00 providesthetitle for the run.

@ Record Type 01 providesthe name of the person performing the run, the date of the run,
the name of the organization involved, and the run identification number.

© Record Type 02 provides data on whether one or more models are to be run, whether traffic
assignment is to be performed, how long an initidization period is needed, and whether fuel
consumption and emissions data should be output. This record alsotells TRAF which model
to execute first and what random number seeds to use.

O Record Type 03 is the time period specification record that informs TRAF how many time
periods will be smulated as well as the duration of each time period. These time periods
are used to divide the smulation into segments with similar characteristics, such as pre-rush
hour, rush hour, and post-rush hour.

© Record Type 04 specifies how each of the time intervals is divided into a group of time
intervals, which are used by the TRAF program to control the modeling process of each
model.

® Record Type 05 is the final record in the block of run control data records, and it specifies
the types of output desired by the user. The frequency of both cumulative and intermediate
output is specified. Graphical output for animated and static displays of NETSIM can aso
be requested.
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Reports and output
specifications

Reports and outputs are controlled with several datarecords. Record Type 03 specifieswhether fuel
consumption and emissions data should be output. Record Type 05 specifies the frequency of both
cumulative and intermediate output and whether data for viewing graphical output will be created.
Record Type 90 alows aggregation of links as a group for data collection and reporting purposes
for NETSIM and FRESIM. Up to 1,000 links can be contained within a maximum of 100 sections.

Link names

Link names can be specified on Record Type 10, but they can be specified only for the NETSIM moddl.
This block of data records appears a the beginning of the NETSIM data records for Time Period lonly.
Links cannot be renamed in subsequent time periods.

Link description

Networks in TRAF consist of one-directiond links. In the case of a two-way street, each block would
consst of two one-directiona links. Links are defined by their upstream and downstream node numbers.
Entry links, exit links, interface links, and interna links have different kinds of node numbering. The link
geometrics for NETSIM are coded on Record Type 11. Link records describe the number of lanes and
their length, channelization (left turn only or buses only), and link-specific traffic behavior (such

as free-flow speed).

Turn movement descriptions describe how traffic leaves each link to approach other links. Turn
movements for NETSIM are described on Record Type 21. Record Type 22 can be used to define
conditiona turn movements in NETSIM.

Traffic parameters

Traffic parameters provide TRAF with a description of how traffic behaves, and they can be specified

by avariety of record types. These parameters are input into the datafile in Time Periodl However,
they are processed befor e any simul ation modeling occurs. Examples of traffic parametersincludethe
response to gaps in traffic for turning vehicles, the distribution of the desired free-flow speed, and vehicle
types. This block of data records appears at the beginning of Time Period 1 only.

For NETSIM, Record Types 140 and 141 modify the turn calibration data, spillback, and vehicle length,
while Record Types 142 and 143 modify the acceptable gaps for turning vehicles pulling out onto a
main street at stop signs. Record Type 144 describes vehicle response to yellow signas. Gapsin
oncoming traffic that are acceptable for vehicles turning onto a side street across traffic are described

on Record Type 145. Record Type 146 describes how pedestrian flows interact and impede traffic.
Variation of free-flow speed around the user-specified free-flow speed is modified for NETSIM

by Record Type 147. Short-term events vary according to adistribution that may be modified by
Record Type 148. Start-up lost time and queue discharge headway at traffic signals vary according

to distributions that may be changed by Record Type 149. Thelength of time that buses “ dwell”

at bus stops varies according to distributions that are modified by Record Type 150.
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Bus operations

Bus operations in a network are described in terms of bus routes, stations, and flow rates. Each route

is assigned a “route number,” which is then used to identify the route station stops, flow rates, and release
offsets. The bus route is the geometric path of nodes that the bus traverses as it travels through the
network. The bus-route station stops are the sequence of bus stations (bus stops) that the bus services as
it passes through the network. The bus flow rate is the mean headway for buses that service a particular
route number. The bus stations are defined in terms of the link they are on, the distance from the
downstream node, and their capacity (in numbers of buses). The average dwell time buses spend at
stations is also specified.

Buses operate at afixed frequency in TRAF. Bus stop locations are defined on Record Type 185. The
average time each bus stops (dwells) at a station, along with the percentage of buses that do not stop, is
defined on Record Type 186 (see aso Record Type 150 under “ Trafficparameters’). The route of each
bus traveling through the network is defined by the series of nodes it traverses and the bus stops it stops
at between the nodes. The nodes are defined on Record Type 187, while the bus stops on each route are
defined on Record Type 188. The routes can traverse the interface nodes between subnetworks so that
aroute may cover NETSIM and FRESIM streets and highways. However, bus stops cannot be specified
on a FRESIM link. If Record Type 187 is present to define bus routes, then bus station records (Type
185), bus-route station stop records (Type 1 SS), and bus flow rate records (Type 189) must also be

present as a group to fully define the bus operations. If a bus route traverses a network without
stopping, then the bus station and bus route record types may be omitted.

TRAF computes measures of effectiveness for buses on a route-specific basis. The delays and stops
for buses are dso included in the overall MOEs computed by TRAF.

Sign and signal control

Stop and yield signs (which are available in NETSIM) are specified onRecord Types 35 and 36.
Record Type 35 defines the upstream node of each approach to the intersection, while Record Type 36
defines whether the approach is controlled by a yield sign or stop sign or is uncontrolled. The model
cannot simulate all-way stops.

Pretimed signals are also specified on Record Types 35 and 36. Record Type 35 defines the upstream
node of each approach to the intersection, the number of signd intervals, and the duration of each
interval. Record Type 36 defines the control facing each approach on each phase, such as green, amber,
red, or arrow indications. Signal transition from one timing plan to another is available for pretimed
sgnas in NETSIM, but isnot available for actuated signals.

For actuated control in NETSIM, Record Type 43 defines the approachesand referencedlinks.

Actuated coordination in NETSIM is controlled by Record Type 44, which defines the time when
permissive periods begin and end and when force-offs occur. Record Type 45 definesthetraffic
movements that are permitted during each phase, which are defined in terms of left, through, right,

and diagonal, rather than in terms of signal indications. Record Type 46 defines detector characteristics,
location, and type. Phase operations are described on Record Type 47. Operational characteristics
include maximum green time or maximum extension as well as vehicle extension or gap reduction time.
Extensions of the phase timing for pedestrians are specified on Record Type 48. Actuated timing plans
cannot be modified between time periods and remain constant for the duration of the run.
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Intersection simulation

The detailed modeling of intersections has been added in this version. In previous versions, left-turners
waiting for a gap in opposing traffic would stop and wait at the stop line of alink. With the new
intersection logic, left-turn vehicles will proceed into the intersection but stop before conflicting with
opposing traffic. These vehicles will wait in the middle of the intersection until there is a gap available
for theleft turn.

The intersection logic aso allows blockages within an intersection to be modeled. Additionally, with
the intersection logic, vehicles react to conflict with other vehicles in the intersection. The type and
number of these vehicle conflicts within an intersection are tabulated and given in the output file. The
fuel consumed and pollutants emitted within the intersection are also given. Intersections to be modeled
with the intersection logic are referred to as micronodes. A flag onRecord Type 36 or 43 designates
anode as amicronode. Up to 20 intersections can be modeled as micronodes. [This feature has been
temporarily suspended in this version of CORSIM ]

Traffic volumes
and vehicle occupancy

Traffic volumes entering from outside the network are defined on Record Type 50. Traffic volumes
leaving the network are not defined; they are the result of turn movements onto exit links, Traffic
volumes entering or leaving the network from within the network are defined on Record Type 51.

They are caled source/sink volumes and occur on internal links. They are used to represent the behavior
of minor traffic sources, such as parking lots and gas stations. Vehicle occupancy (the number of people
per vehicle) is entered on Record Type 52.

Incidents, events,
and parking maneuvers

NETSIM has both short- and long-term interruptions to traffic (known as “events’). Short-term

events are short-duration events that take place in the curb lane. Long-term events are longer-duration
interruptions to traffic for any regular (nonpocket) lane. Interruptions to traffic by parking maneuvers
also occur in NETSIM and are specified on Record Type 56. Parking activity can vary from time period
to time period, but only on links with parking.

Vehicle characteristics

Record Type 58 definesthe vehicletypesfor NETSIM. Thelength, acceleration, speed, and discharge
headways are defined, as are the various vehicle types in the vehicle fleet.

Fuel consumption and
pollutant emissions

Detailed vehicle characteristics for fuel consumption and pollutant emissions can be optionally specified.
Record Type 60 specifies the data tables for NETSIM. The fuel consumption rates can be specified for
autos, trucks, and buses. Only one rate of HC emissions, CO emissions, and NOx emissions is set for all
types of vehicles.
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Urban interchanges

Multilevel urban interchanges can be modeled in NETSIM. In previous versions, interchanges could be

modeled roughly, but the user was required to enter turn percentages for each link within the interchange.
To further assist in the coding of interchanges, an option of entering travel demand patterns (i.e., origin-

destination information) through an interchange instead of turn percentages for each link has been added
in this version. Information on interchanges is entered on Record Types 95 and 96.

To dlow for more redistic representation of interchanges in the graphics, the capability of having curved
links and grade separations has been added. Information for these optionsis entered on Record Type
196. Node coordinates can be entered on Record Type 195 in units of feet or meters. Any information
on Record Type 195 will override any coordinates entered on Record Types 36 and 43.

Traffic assignment

Traffic assignment of O-D data is possible for the NETSIM model, but not the FRESIM model.
Specification of thetraffic assignment parametersfor FHWA's (BPR's) or Davidson’ sfunctionsand their
related factorsis entered on Record Type 175. Specification of the trip table, in the form of origin-and-
destination nodes, is entered on Record Type 176. Sources and/or destinations (sinks) of traffic that are
internal to the network can be specified on Record Type 177.

When traffic assignment is requested, al record types relating to entry volumes and turn movements
should be left out of the dataset; the volumes and percentages will be determined by the traffic
assignment results. When using traffic assignment, Record Types 22, 50, and 5 ! should not appear
in the dataset. Entries 7-1 1 can be used on Record Type 2 1 to define prohibited turn movements,
but Entries 3-6 should be left blank.

Although traffic assignment models are not categorized as simulation models, they represent an essential
interface between travel demand and actual traffic flows. Assignment models can serve two purposes.
to convert O-D trip tables into actual network loadings for processing by simulation models and

to evaluate demand responses to operationa changes.

In the TRAF system, two optimization techniques are used in the equilibrium traffic assignment model:
the user’s optimal assignment and the system’s optimal assignment. The criterion for determining

when user equilibrium has been reached is that no driver can reduce his journey time (or impedance) by
choosing a new route. The criterion for the system’s optimization is the minimum total cost of the entire
network. Results of the traffic assignment model will interface with other TRAF simulation models.

A given origin-destination demand matrix is assigned over the specified network. The results of the
traffic assgnment are then transformed into link-specific turn percentages as required by the smulation
models, which commence operation following the assignment process.

The impedance function employed by the traffic assgnment model is the FHWA formula and modified
Davidson's queuing functions that relate link travel time to link volume and link characteristics (capacity
and free-flow travel time). Traffic assignment is performed on a transformed path network that
represents the specified turn movements in the origina network. The algorithm that is used is a Frank-
Wolfe decomposition variation that generates all-or-nothing traffic assignments at each iteration using the
link impedances produced by the previous iteration.
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For each iteration, a minimum path tree is constructed for each specified origin node to al other network
nodes, using a label-correcting algorithm. The network cost function is evaluated at the end of each
iteration, and a line search is conducted for the improved link flows that minimize the cost function.

The iterative procedure terminates when convergence is attained or when a prespecified upper bound

on the number of iterations is reached.

Graphics

Detailed graphical outputs are available in NETSIM. To obtain these outputs, the locations of al nodes
must be specified relative to each other. Record Type 195 specifiesthe x and y coordinates of each
node. To depict the links more redisticaly, their shape as well as their length must be specified.
Record Type 196 provideslink geometric datathat describeslink curvature and overpass/underpass
relationships.

Data delimiters

Each set of model datais terminated by either Record Type 170 or Record Type 210. Within atime
period, the datasets are separated by Record Type 170. Each time period ends with a Record Type 2 10,
which indicates whether it is followed by additional time period data or is the last data record in the input
stream.

Recent Enhancements

Intralink lane changing

In previous versions of CORSIM, vehicles could only change lanes when entering a new link.

To more realisticaly model lane-changing behavior, intrdink lane changing has been added to the
simulation logic. In this version, vehicles will know their next turn movement and will try to change into
an appropriate lane for that turn movement as they travel along the network. The decision to make a lane
change is based on the motivation, the advantage, and the urgency of changing lanes. Another important
feature of the intralink lane changing logic is the consideration of the cooperation of drivers to vehicles
attempting to make a lane change. No additional inputs are required for the intralink lane-changing
logic. However, parameters such as duration of lane change, deceleration rate during lane change,
unacceptable headway, and driver cooperation can be atered from the default values on Record

Type 81 in NETSIM and on Record Type 70 in FRESIM.

Even with intraink lane changes, CORSIM sometimes failed to move a vehicle to an appropriate lane in
time, which often caused stopped vehicles to block traffic during simulation. That type of lane changing
is unredistic, and the resulting blockages by lane-changers inaccurately represented real-world traffic
flow. To address that problem, the intralink lane-changing logic in CORSIM has been enhanced to alow
stopped vehicles that are attempting to change lanes to force a lane-change gap to open when necessary.

When a vehicle has to make a mandatory lane change, it attempts to do so when it moves within

the influence of the object (such as the stop line at which atum movement will be made or a blockage).
The distance within which an object influences a vehicle can now be revised by the user. That distance is
stochastic, and the default mean value is 300 feet, which is varied by a distribution based on the
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driver type of a vehicle. Record Type 152 has been implemented in CORSIM to allow users
to change that distribution.

Lane alignment

In the previous surface-street smulation logic in CORSIM, al vehicles selected their candidate lanes
without considering the second consecutive turn movements. Such a treatment has led to unnecessary
mandatory vehicle lane changes, thereby creating a deficiency in CORSIM's microscopic simulation.
Furthermore, that logic ignored a key issue of drivers' familiarity with the roadway because of the
one-turn-movement assumption. To address that problem, the candidate lane selection and the ook
ahead capability in CORSIM have been enhanced to eliminate that modeling deficiency.

Record Type 153 was created to allow usersto specify thedrivers familiarity with their network;

that is, the user can specify the percentage of drivers who are familiar with the roadways. Such drivers
know their next two turn movements, whereas those who are unfamiliar with the roadways know only
their next turn movement. Unnecessary mandatory lane changes usualy exist when drivers are not
familiar with the roadways in the network. Candidate lanes, which are based on lane channelizations,
have been restructured by considering all of the combinations of turn movements on a link and its
receiving links. That structure provides a more realistic modeling of real-world traffic.

Shared turn lanes

Shared lane logic has been added to CORSIM to model traffic more redlistically. Previous versions of
CORSIM would only alow the leftmost and rightmost lanes to service more than one turn movement.
With the new shared lane logic, al lanes can accommodate more than one turn movement. New codes
were added to Record Type 11 to specify lane channdlizations. The new codes alow dl possible lane
channelizations to be modeled as long as the paths of conflicting movements do not cross (e.g., a lane
servicing left turns cannot be to the right of a lane servicing through traffic).

Actuated control features

The following actuated control features have been added to this version of CORSIM: |eft-turn extension,
lag left-mm hold, conditiona service, and simultaneous gapout.

Left-turn extension allows time not required to serve pedestrians for a through phase to be added to
the opposing left-turn phase. The left turn is extended only in the absence of pedestrian demand for
the opposing through phase; otherwise, the pedestrian phases (i.e., walk and don’'t walk) will be served
for the through phase. Left-turn extension for a phase is specified on Record Type 44.

Lag left-turn hold will hold a lagging left turn until its force-off. This allows the green band in
coordinated systems with lagging lefts to be maintained. Lag left-turn hold is entered for a phase
on Record Type 47.

Conditional service alows a phase to be serviced twice during a cycle even when there is a cal to serve

conflicting demand. This feature is useful with heavy left turns that require leading and lagging phasing.
Conditiona service for a phase is specified on Record Type 47.
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Simultaneous gapout requires both phases to gapout or maxout before abarrier of dual-ring operationis
crossed. Without the simultaneous gapout feature, a barrier will be crossed if one phase gaps out and the
other maxes out. Simultaneous gapout will prohibit this situation. Simultaneous gapout for a phase

is specified on Record Type 47.

Real-time traffic adaptive
control features

The CORSIM software has been enhanced to represent the operation of real-time traffic adaptive control
agorithms. These enhancements include the implementation of detector logic and the introduction of
new logic to represent changes in traffic volumes and turn movements on a minute-by-minute basis.
These features will enable the model to redlistically represent the rapidly changing traffic conditions
that are considered by rea-time traffic control policies.

The new logic transfers detector surveillance data to an external rea-time traffic control algorithm
and receives signa control decisions from the agorithm. New entries on Record Type 02 define
the frequency and type of information to be sent between CORSIM and the control algorithm.

Sub-time period variation
in entry volumes and
turn movements

The CORSIM software has been enhanced to allow users to specify changes in entry volumes and turn
movements as frequently as every minute. Each time period can be subdivided into a series of sub-time
periods. Within each sub-time period, interpolation techniques are employed to vary volumes and turn
movements every minute. This feature works in conjunction with the new Real-Time Traffic Adaptive
Control features.

The user can specify up to 15 variations in turn movements for each time period. Sub-time period
information for turn movementsis entered onRecord Type 23. The user can specify up to 16 variations
in volume for each time period. Sub-time period information for entry and source/sink volumes is
entered on Record Type 53. Sub-time period parameters are specified in new entries on Record

Type 02.
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